AD-A267  733 


M256  Static  Load  Test 


Stephen  Wilkerson 
Virginia  Fulton 
Joe  Thiravong 


ARL-TR-182 


August  1993 


s 


DTIC 

electe 

AUG  XX 1993 

B 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 


93-18389 


NOTICES 


Destroy  this  report  when  it  is  no  longer  needed.  DO  NOT  return  it  to  the  originator. 


Additional  copies  of  this  report  may  be  obtained  from  the  National  Technical  Information 
Service,  U.S.  Department  of  Commerce,  5285  Port  Royal  Road,  Springfield,  VA  22161. 


The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army 
position,  unless  so  designated  by  other  authorized  documents. 


The  use  of  trade  names  or  manufacturers'  names  in  this  report  does  not  constitute 
indorsement  of  any  commercial  product. 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
OMB  NO.  0704-0188 


Public  reporting  burden  tor  this  collection  of  information  ts  estimated  to  average  '  hour  oer  '•-soonse,  including  the  time  for  renewing  in$truct»ons.  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  competing  and  reviewing  the  collection  of  information  Send  comments  regarding  this  burden  estimate  or  any  Other  asoect  of  this 
collection  of  information, 'including  suggestions  for  reducing  this  burden  to  Washington  Headouarters  Services.  Directorate  for  information  Operations  and  Reports.  1215  Jefferson 
Davis  Highway,  Suite  1204  Arlington.  VA  22202 -4302.  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Project  (0704-0 138).  Washington.  DC  20S03 


1.  AGENCY  USE  ONLY  (Leave  blank) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 

August  1993 


M256  Static  Load  Test 


3.  REPORT  TYPE  AND  OATES  COVERED 

Inal,  8  Jan  -  15  Jun  92 


S.  FUNDING  NUMBERS 


4G592-36203R600 


6.  AUTHOR(S) 

Stephen  Wilkerson,  Virginia  Fulton,  and  Joe  Thiravong 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESS(ES) 

U.S.  Army  Research  Laboratory 

AT1N:  AMSRL-WT-PD 

Aberdeen  Proving  Ground,  MD  21005-5066 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING  /MONITORING  AGENCY  NAME(S)  AND  AODRESS(ES) 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-B  (Tech  Lib) 

Aberdeen  Proving  Ground,  MD  21005-5066 


10.  SPONSORING  /MONITORING 
AGENCY  REPORT  NUMBER 


ARL-TR-182 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Maximum  200  words) 


12b.  DISTRIBUTION  CODE 


A  series  of  static  load  experiments  was  conducted  on  the  M256  gun  system  to  determine  if  clearances 
existed  between  its  various  components  and,  if  so,  where.  In  particular,  it  was  desired  to  ascertain  whether  the 
gun  tube  and  recoil  mechanism  act  as  a  single  unit  or  if  clearances  that  exist  between  their  primary  parts  allow 
the  gun  tube  to  deflect  as  a  rigid  body  inside  of  the  recoil  device. 

Of  primary  concern  are  the  clearances  between  the  gun  tube  and  piston  and  between  the  piston  and  cradle 
assembly.  The  experiments  were  performed  on  a  gun  tube  and  recoil  mechanism  installed  in  a  rigid  floor 
mount  and  installed  inside  an  M1A1  tank.  This  report  details  those  experiments  with  a  supporting  finite 
element  analysis. 


14.  SUBJECT  TERMS 


gun  components,  recoil  mechanism,  finite  element  analysis 


15.  NUMBER  OF  PAGES 

80 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  UNCLASSIFIED  SAR 


NSN  7540-01  -280-5500 


Standard  Form  298  (Rev  2-89) 

PmcribM  by  ANSI  Sts  1M  '( 

in- ior 


Intentionally  left  blank. 


ii 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


ACKNOWLEDGMENTS 


The  author  wishes  to  thank  Dr.  Don  Rabem  of  the  Los  Alamos  National  Laboratory,  Los  Alamos, 

NM,  who  had  many  clever  suggestions  regarding  the  setup  and  execution  of  the  test  Dr.  Rabem  was  also 
nice  enough  to  examine  many  of  the  parts  associated  with  the  M2S6  system  and  suggest  simplified 
methods  of  modeling  these  parts  using  the  finite  element  method.  The  author  also  wishes  to  thank 
Robert  Kaste  of  the  U.S.  Army  Research  Laboratory  (ARL),  Aberdeen  Proving  Ground,  MD,  who 
photographed  many  of  the  parts  of  the  M256  and  some  of  the  apparatus  used  in  the  experiments.  Finally, 
the  authors  would  like  to  acknowledge  the  precision  fire  and  accuracy  program’s  support,  under  the 
guidance  of  Dr.  Ed  Schmidt  and  MAJ  Bruce  Held,  ARL,  whose  efforts  made  the  preparation  of  this  ■ 
manuscript  possible. 


DTIC  QUALITY  INSPECTED  3 


iv 


TABLE  OF  CONTENTS 


Page 


ACKNOWLEDGMENTS  .  Hi 

LIST  OF  FIGURES  .  v 

LIST  OF  TABLES . 

1.  INTRODUCTION  .  1 

2.  TEST  PROCEDURE  .  7 

2.1  Test  Series  No.  1  .  10 

2.2  Test  Series  No.  2  .  17 

2.3  Test  Series  No.  3  .  24 

2.4  Test  Series  No.  4  .  28 

2.4.1  Test  Series  No.  4A .  28 

2.5  Test  Series  No.  5  .  28 

3.  CONCLUSIONS  .  35 

4.  REFERENCES .  37 

DISTRIBUTION  LIST .  73 


v 


vi 


LIST  OF  FIGURES 


Figure  Page 

1.  Cutaway  view  of  gun  tube  assembly .  2 

2.  M256  gun  tube .  2 

3.  Breech  .  3 

4.  Cradle  .  3 

5.  Left  to  right — adapter,  bearing,  king  nut,  and  thrust  nut  .  4 

6.  Bolts  which  attach  breech  to  cradle  .  4 

7.  Adapter  bearing  and  king  nut  clamping  the  gun  tube  .  5 

8.  CAD/CAM  drawing  of  M256  main  components .  6 

9.  Gun  mount  test  configuration .  8 

10.  Rigid  jack  screw  attached  between  rigid  stand  and  cradle  . .  8 

11.  Graphed  data  from  preliminary  test  A .  11 

12.  Graphed  data  from  preliminary  test  B .  11 

13.  Test  stand  used  in  the  static  load  experiments  .  12 

14.  Gun  tube  loaded  180  inches  from  the  breech  end  of  the  gun  tube  .  12 

15.  Gun  tube  loaded  160  inches  from  the  breech  end  of  the  gun  tube  .  13 

16.  Gun  tube  loaded  140  inches  from  the  breech  end  of  the  gun  tube  .  13 

17.  Gun  tube  loaded  120  inches  from  the  breech  end  of  the  gun  tube  .  14 

18.  Gun  tube  loaded  100  inches  from  the  breech  end  of  the  gun  tube  .  14 

19.  Gun  tube  loaded  80  inches  from  the  breech  end  of  the  gun  tube  .  15 

20.  Finite  element  model  .  18 

21.  Comparison  between  calculated  and  observed  displacements,  test  series 

No.  1,  600-lb  load  180  inches  from  rear  face  of  gun  tube  .  19 


Figure 


Page 


22.  Comparison  between  calculated  and  observed  displacements,  test  series 

No.  1,  600-lb  load  160  inches  from  rear  face  of  gun  tube  .  19 

23.  Comparison  jetween  calculated  and  observed  displacements,  test  series 

No  !,  600-lb  load  140  inches  from  rear  face  of  gun  tube  .  20 

24.  Comparison  between  calculated  and  observed  displacements,  test  series 

No.  1,  600-lb  load  120  inches  from  rear  face  of  gun  tube  .  20 

25.  Gun  tube  load  at  180  inches  from  breech  end  of  the  gun  tube .  21 

26.  Gun  tube  load  at  160  inches  from  breech  end  of  the  gun  tube .  21 

27.  Gun  tube  load  at  140  inches  from  breech  end  of  the  gun  tube .  22 

28.  Gun  tube  load  at  120  inches  from  breech  end  of  the  gun  tube .  22 

29.  Gun  tube  load  at  100  inches  from  breech  end  of  the  gun  tube .  23 

30.  Gun  tube  load  at  80  inches  from  breech  end  of  the  gun  tube .  23 

31.  Spring  constants  vs.  load  location  from  test  series  nos.  1,  2,  and  3 .  24 

32.  Gun  tube  load  180  inches  from  breech  end  of  the  gun  tube .  25 

33.  Gun  tube  load  160  inches  from  breech  end  of  the  gun  tube .  25 

34.  Gun  tube  load  140  inches  from  breech  end  of  the  gun  tube .  26 

35.  Gun  tube  load  120  inches  from  breech  end  of  the  gun  tube .  26 

36.  Gun  tube  load  100  inches  from  breech  end  of  the  gun  tube .  27 

37.  tube  load  80  inches  from  breech  end  of  the  gun  tube .  27 

38.  Gun  tube  load  200  inches  from  breech  end  of  the  gun  tube .  29 

39.  Gun  tube  load  200  inches  from  breech  end  of  the  gun  tube .  29 

40.  Gun  tube  load  on  breech  end  of  gun  tube  .  30 

41.  Gun  tube  load  200  inches  from  breech  end  of  the  gun  tube .  31 

42.  Gun  tube  load  180  inches  from  breech  end  of  the  gun  tube .  31 

43.  Gun  tube  load  160  inches  from  breech  end  of  the  gun  tube .  32 


viii 


Figure  Page 

44.  Gun  tube  load  200  inches  from  breech  end  of  the  gun  tube .  33 

45.  Gun  tube  load  180  inches  from  breech  end  of  the  gun  tube .  33 

46.  Gun  tube  load  120  inches  from  breech  end  of  the  gun  tube .  34 

47.  Gun  tube  load  80  inches  from  breech  end  of  the  gun  tube .  34 


ix 


LIST  OF  TABLES 


Table  Page 

A-l.  Preliminary  Test  "A,"  Test  Configuration:  Assembled,  Loaded  206  inches .  41 

A-2.  Preliminary  Test  "B,"  Test  Configuration:  Assembled,  Loaded  100  inches .  41 

A-3.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  180  inches  .  42 

A-4.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  160  inches  .  42 

A-5.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  140  inches  .  43 

A-6.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  120  inches  .  43 

A-7.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  100  inches  .  44 

A-8.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  80  inches  .  44 

A-9.  Test  Series  No.  1  -  Retest  of  First  Load,  Test  Configuration:  Assembled, 

Loaded  200  inches  .  45 

A-10.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  180  inches  .  45 

A-ll.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  160  inches  .  46 

A-12.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off.  Loaded  140  inches  .  46 

A-13.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  120  inches  .  47 

A- 14.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  100  inches  .  47 

A-15.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  80  inches  .  48 

A-16.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  180  inches .  48 

A-17.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  160  inches .  49 

A- 18.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  140  inches .  49 

A-19.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off.  Loaded  120  inches .  50 

A-20.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  100  inches .  50 

A-21.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  80  inches  .  51 

A-22.  Test  Series  No.  4,  Test  Configuration:  Assembled,  Loaded  200  inches  .  51 

xi 


Table 


A-23.  Test  Series  No.  4,  Test  Configuration:  Assembled  Breech  Lift  Up, 

Loaded  0.0  inches .  52 

A-24.  Test  Senes  No.  5,  Test  Configuration:  Assembled,  Retainer  Bolt  Removed, 

Loaded  200  inches  .  52 

A-25.  Test  Series  No.  5,  Test  Configuration:  Retainer  Bolt  Removed, 

Loaded  130  inches  .  53 

A-26.  Test  Series  No.  5,  Test  Configuration:  Assembled,  Retainer  Bolt  Removed, 

Loaded  160  inches  .  53 

A-27.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 

Assembled,  Loaded  200  inches .  54 

A-28.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 

Assembled,  Loaded  160  inches .  54 

A-29.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 

Assembled,  Loaded  120  inches .  55 

A-30.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 

Assembled,  Loaded  80  inches  .  55 


xii 


1.  INTRODUCTION 


The  initial  investigation  into  the  M256  gun  system  and  its  components  centered  around  identifying 
the  system’s  critical  structural  components  and  undemanding  how  they  are  fastened  together.  Therefore, 
to  better  understand  the  test  setup  and  procedures,  a  brief  review  of  the  gun  tube’s  assembly  within  the 
recoil  mechanism  is  given. 

The  gun  tube’s  assembly  within  the  recoil  mechanism  is  made  up  of  nine  structural  pans  which  need 
to  be  considered  in  a  finite  element  model.  These  main  structural  members  were  determined  by  examining 
the  drawings  and  specifications  for  the  M256  system  and  by  watching  the  assembly  of  the  system  during 
routine  maintenance.  Figure  1  shows  a  cutaway  view  of  the  gun  tube  assembly  and  labels  the  nine  critical 
components.  Within  this  assembly  there  are  four  major  parts  which  interact  with  one  another.  They  are 
the  gun  tube  (Figure  2);  the  breech  (Figure  3);  the  cradle  assembly,  which  includes  the  piston  spring 
(Figure  4);  and  the  four  pieces  which  snug  the  whole  assembly  together  (Figure  5)  (i.e.,  the  adapter, 
bearing,  king  nut,  and  thrust  nut). 

The  cradle  assembly  houses  the  recoil  mechanism  while  acting  as  an  interface  between  the  tank  turret 
and  the  gun  tube.  Internal  to  the  cradle  assembly  is  the  piston  which  clamps  to  the  breech  while 
supporting  the  gun  tube  at  several  locations.  The  breech  is  clamped  to  the  piston  via  a  series  of  bolts  (see 
Figure  6).  The  gun  tube  is  inserted  into  the  cradle  and  breech.  On  the  breech  end  of  the  gun  tube,  there 
are  a  series  of  four  engaging  grooves,  or  threads,  at  45°  intervals  opposite  the  grooves  inside  the  breech. 
After  the  tube  is  inserted  through  the  cradle  and  into  the  breech,  it  is  rotated  45°  so  that  the  threads  on 
the  breech  and  gun-tube-end  inside  of  two  recoil  mechanisms  lock  the  assembly  together.  However,  to 
enable  the  gun  tube  to  be  pushed  easily  through  the  cradle  assembly  and  into  the  breech,  the  piston,  which 
rides  over  the  gun  tube,  has  ample  clearances.  A  bolt,  on  top  of  the  breech,  is  threaded  through  the  breech 
into  a  small  indentation  in  the  gun  tube,  preventing  the  tube  from  rotating.  In  order  to  tighten  up  the 
assembly,  the  adapter,  bearing,  king  nut,  and  thrust  nut  are  required.  The  adapter  has  a  slightly  conical¬ 
shaped  wedge  on  its  outside,  while  its  inside  conforms  to  the  gun  tube  and  slides  over  the  tube.  The 
bearing  has  a  slightly  conical  inside  shape  which  engages  the  adapter,  like  a  wedge,  to  fasten  the  two  parts 
securely  to  the  gun  tube.  The  king  nut  drives  the  bearing  onto  the  adapter,  securing  these  pans  rigidly 
to  the  gun  tube’s  surface  (see  Figure  7).  Finally,  the  thrust  nut  threads  over  the  bearing,  pushing  on  the 
piston,  and  thereby  putting  the  piston  in  compression  and  the  gun  tube  in  tension  while  tightening  the 
whole  assembly  together.  Figure  8  shows  a  computer  aided  design/computer  aided  manufacture 
(CAD/CAM)  drawing  of  the  approximated  parts  as  they  will  be  represented  in  the  finite  element  model. 
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CRADLE 


Figure  1.  Cutaway  view  of  gun  tube  assembly. 


Figure  4.  Cradle. 


GUN  TUBE 


Figure  7.  Adapter  bearing  and  king  nut  clamping  the  gun  tube. 


Of  primary  importance  in  developing  a  finite  element  model  of  this  mechanism  was  accurately 
determining  the  boundary  conditions  that  exist  between  each  of  the  parts  (Eriine  eL  al  1990;  Hopkins 
1990;  Kaste  and  Wilkerson  1992).  Of  particular  interest  is  whether  the  adapter,  bearing,  king  nut,  and 
thrust  nut  act  with  the  gun  tube  as  a  rigid  component  or  individually  due  to  clearances.  Initially,  it  was 
assumed  that  they  acted  as  a  rigid  clamp.  Similarly,  whether  or  not  the  piston  could  be  modeled  as  a  rigid 
contact  surface,  where  it  clamps  the  gun  tube,  was  equally  important.  It  was  hoped  that  this  surface  could 
also  be  modeled  as  a  rigid  contact  Finally,  it  was  necessary  to  determine  how  to  model  the  interface 
between  the  piston  and  cradle.  Initially,  it  was  understood  that  this  surface  needed  to  be  modeled  with 
sliding  contact  surfaces.  However,  whether  or  not  additional  clearances  needed  to  be  incorporated  into 
the  model  was  unknown.  To  determine  these  attributes  requited  a  simple  scries  of  tests.  Therefore,  a 
number  of  static  load  experiments  were  conducted  to  ascertain  accurate  boundary  conditions  to  be  used 
in  the  final  three-dimensional  finite  clement  model  of  the  gun  tube  recoil  assembly.  Those  tests  and  what 
was  learned  are  the  subjects  of  this  report. 
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Figure  8.  CAD/CAM  drawing  of  M256  main  components. 
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2.  TEST  PROCEDURE 


The  first  objective  was  to  see  whether  clearances  existed  between  associated  parts  which  would  allow 
the  gun  tube  to  move  independently  of  its  mount  (the  cradle).  A  series  of  static  load  tests  on  the  M256 
system  was  used  to  answer  the  first  objective.  Basically,  these  tests  consisted  of  lifting  up  on  the  gun  tube 
at  various  locations  with  known  loads  while  measuring  displacements  along  the  gun  tube’s  length.  After 
the  first  two  test  series,  measurements  were  taken  to  determine  if  there  existed  relative  displacements 
between  associated  parts  as  well.  Additionally,  the  effect  of  the  bearing,  adapter,  and  king  nut’s  torque, 
as  well  as  the  torque  on  the  thrust  nut,  were  examined  while  these  parts  were  disengaged.  The  first  five 
tests  were  conducted  in  a  rigid  gun  mount,  and  then  the  final  test  series  was  done  on  a  gun  mounted  in 
an  M1A1  tank. 

The  initial  test  configuration  consisted  of  an  assembled  M256  gun  system  mounted  on  a  stationary 
platform  (see  Figure  9).  The  cradle  was  prevented  from  rotating  about  tire  trunnions  by  attaching  a  rigid 
jack  screw  between  a  stationary  floor  mount  and  the  M256’s  elevating  mechanism’s  bracket.  This 
arrangement  (see  Figure  10)  clamped  the  gun  tube’s  mount  rigidly  to  the  floor  platform  in  the  horizontal 
position.  After  the  test  configuration  was  assembled,  a  "preliminary"  series  of  tests  was  performed.  In 
these  initial  tests  and  the  five  test  series  that  followed,  displacement  gauge  locations  were  referred  to  in 
terms  of  their  distance  from  tire  end  of  the  gun  tube.  Initially,  the  gun  tube  was  marked  every  10  inches 
along  its  length  from  the  breech  end.  The  M256  gun  tube  is  approximately  208.7  inches  long.  Therefore, 
a  location  of  100  inches  would  indicate  a  position  100  inches  from  the  breech  end  of  the  gun  tube’s 
length.  On  the  other  hand,  a  location  of  -5  inches  would  indicate  a  gauge  location  toward  the  back  end 
of  the  breech.  Additional  information  relevant  to  the  test,  like  the  load  location,  is  also  given  in  terms 
of  the  distance  from  the  end  of  the  gun  tube.  The  load  was  applied  via  a  crane.  The  crane  was  hooked 
to  a  load  cell,  and  that  cell  was  attached  to  a  strap  which  was  used  like  a  sling  to  pull  up  on  the  gun  tube. 
The  sling  arrangement  had  several  advantages  and  some  disadvantages.  The  biggest  advantage  of  the  strap 
was  that  it  allowed  the  crane  operator  to  gently  adjust  the  load  to  the  approximate  target  load  for  a 
particular  test  However,  the  sling  was  made  of  a  nylon  material  that  slowly  stretched  under  the  load  and 
released  the  tension  on  the  gun  tube.  Therefore,  once  the  load  was  applied  and  the  recorder  began 
reporting  the  gauge  readings,  the  load  was  gradually  released.  Hence,  after  the  initial  tests,  the  load  cell’s 
measurements  were  recorded  at  the  same  time  that  the  gauge  was  read.  This  was  accomplished  by  having 
one  person  call  out  the  load  cell  reading  every  second  or  so,  while  another  recorded  both  displacement 
and  load  at  each  gauge  location.  (Note:  the  variations  in  load  cell  readings  are  slight.)  Finally,  prior  to 
each  test  and  once  the  slack  was  removed  from  the  sling,  each  displacement  gauge  was  zeroed.  After  the 
first  two  tests  it  was  realized  that  it  required  approximately  200  lb  of  force  to  remove  the  slack  from  the 
loading  apparatus,  and,  therefore,  200-lb  loads  were  discontinued. 
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Gun  Mount 


Dial  Gauges 


Some  preliminary  tests  were  made  to  check  out  the  load  cell  and  displacement  gauges.  In  these 
initial  tests,  loads  of  200  lb,  400  lb,  and  500  lb  were  applied  at  the  muzzle  (206  inches)  and  at  the  tube’s 
midpoint  approximately  100  inches  from  the  breech.  After  the  initial  tests,  the  500-lb  load  was  reapplied 
to  see  whether  or  not  the  results  were  reproducible.  In  fact,  this  procedure  was  used  throughout  the  test 
series,  and  typically  the  first  load  condition  was  repeated  and  recorded.  The  tabular  results  from  the  first 
seven  preliminary  static  load  tests  are  given  in  Tables  A-l  and  A-2.  The  results  are  also  plotted  in  x-y 
graphs  where  the  abscissa  is  the  axial  position  of  the  gauge  and  the  ordinate  represents  the  vertical 
displacement  of  the  gun  tube  in  thousandths  of  an  inch  (see  Figures  1 1  and  12).  Each  displacement  gauge 
was  located  along  a  vertical  plane  which  passes  through  the  centerline  of  the  gun  tube.  Each  position  on 
the  gun  tube  was  located  using  a  leveling  device.  In  the  preliminary  tests,  three  gauges  were  spaced 
evenly  between  the  tube’s  midpoint  and  muzzle,  a  fourth  gauge  was  placed  just  beyond  where  the  cradle 
clamps  the  gun  tube,  and  the  fifth  gauge  was  placed  near  the  rear  of  the  breech.  A  final  gauge  was  placed 
at  the  front  of  the  stationary  stand  to  assure  that  the  stand  was  not  tilting  relative  to  the  floor.  It  is 
important  to  note  that  inaccuracies  were  possible  in  the  gauge  readings  due  to  the  gauges’  sensitivity  and 
the  way  they  were  mounted.  Consequently,  any  gauge  which  was  bumped,  touched,  or  even  jarred  slightly 
gave  erroneous  results,  and  in  some  cases  this  can  be  seen  in  the  results.  Each  gauge  was  attached  to  a 
rigid  bar  or  a  flexible  tube  clamp,  and  magnets  were  used  to  secure  the  gauges  to  a  stationary  metal  table 
just  beneath  the  gun  tube’s  center  line.  Magnet  clamps  did  offer  some  advantages  in  that  they  made  for 
easy  adjustment,  setup,  and  removal.  (Nonetheless,  during  the  tests,  some  gauges  were  jarred,  and  this 
problem  is  discussed  when  it  can  be  observed.) 

In  order  to  understand  the  test  data  presented  in  this  report,  a  brief  overview  of  each  test  series  is 
given.  For  each  test  series,  tables  are  given  which  indicate  the  test  conditions,  loading,  and  displacements 
in  tabular  form.  In  addition  to  the  tables,  x-y  displacement  profiles  are  presented,  summarizing  the  data 
in  each  table.  The  preliminary  set  of  static  load  tests  is  summarized  here  as  an  illustrative  example. 
Preliminary  test  "A"  consists  of  a  fully  assembled  M256  system  in  a  test  stand.  The  lifting  load  was 
applied  at  the  muzzle  approximately  206  inches  from  the  breech  end  of  the  gun  tube.  Loads  of  200  lb, 
400  lb,  and  500  lb  were  applied,  and  displacements  were  recorded  at  each  gauge  location.  Gauges  were 
placed  at  -9  (the  back  of  the  breech),  76.5, 120, 1 80,  and  200  inches  from  the  breech  end  of  the  gun  tube. 
Additionally,  one  gauge  was  placed  between  the  front  end  of  the  floor-mounted  gun  frame  and  the  floor 
to  see  whether  the  loads  were  tilting  the  assembly.  This  gauge  location  is  marked  "floor”  in  the  tables 
and  is  expected  to  always  read  zero  displacement.  Finally,  after  the  initial  test  at  200  lb,  400  lb,  and 
500  lb,  the  tube  was  unloaded,  the  gauges  were  rezeroed,  and  the  500-lb  load  was  repeated.  Hence, 
gauge  1  reads  -.0046  inches  for  the  first  test  and  -.0034  inches  for  the  repeat  loading.  Some  of  the 
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discrepancies  between  the  results  are  believed  to  be  caused  by  the  relaxation  of  the  sling  used  to  apply 
the  load.  Therefore,  after  this  initial  series  of  tests,  the  actual  load  cell  reading  was  recorded  in  the  "read" 
column  of  the  table  at  the  same  time  that  the  displacements  were  recorded.  Results  from  this  test  series 
are  summarized  in  Figure  11  and  in  Table  A-l. 

Preliminary  test  "B"  repeats  test  A  with  the  load  at  100  inches  from  the  breech  end  of  the  gun  tube. 
Rp  .alts  are  summarized  in  Figure  12  and  in  Table  A-2.  In  both  of  the  preliminary  tests,  problems  with 
the  gauge  rotating  resulted  in  poor  results;  however,  after  these  two  preliminary  test  runs,  care  was  taken 
in  zeroing  each  gauge  prior  to  the  beginning  of  each  test,  and  close  attention  was  given  to  accurately 
reading  the  gauges  at  each  load. 

2.1  Test  Series  No,  1.  The  first  test  series  consisted  of  a  fully  configured  gun  tube.  The  term  "fully 
configured"  is  used  to  indicate  that  the  thrust  nut,  king  nut,  etc.,  are  tightly  fastened  and  that  the  whole 
system  is  essentially  set  up  as  it  would  be  in  an  Ml  A1  tank.  The  aim  of  the  first  test  series  was  to  record 
the  results  at  each  of  the  proposed  load  locations,  for  200-lb,  400-lb,  and  600-lb  force.  It  was  clear  very 
early  on  that  the  higher  loads  (i.e.,  600-lb  force)  applied  toward  the  muzzle  end  of  the  gun  tube  would 
produce  more  consistent  results.  Nevertheless,  for  the  first  several  test  series,  each  load  location  and  each 
load  was  applied,  and  the  data  were  recorded.  Gauges  were  placed  at  the  back  of  the  breech,  just  in  front 
of  the  cradle-piston  assembly  76.S  inches,  and  at  110  inches,  ISO  inches,  and  170  inches  forward  of  the 
breech  end  of  the  gun  tube.  One  additional  gauge  was  located  between  the  floor  and  test  stand  although 
it  seemed  unlikely  that  these  small  loads  would  be  sufficient  to  tilt  such  a  heavy  stand.  A  figure  of  the 
stand  used  in  the  test  is  shown  in  Figure  13. 

Figures  14  through  19  show  the  displacement  recorded  at  each  of  the  load  locations  (i.e.,  180  inches. 
160  inches,  140  inches,  120  inches,  100  inches,  and  80  inches,  respectively).  As  can  be  seen  in  Figure 
14,  the  results  are,  generally,  what  would  be  expected — that  is,  a  gentle  uniform  curvature  in  the  direction 
of  the  load.  It  is  also  important  to  keep  in  mind  that  the  relative  scale  in  which  the  displacements  are 
plotted.  Each  plot  was  scaled  in  accordance  with  the  minimum  and  maximum  values  of  the  data  so  that 
an  exaggerated  profile  of  the  gun's  tube  shape  could  be  seen.  Two  important  boundary  conditions  applied 
in  these  static  load  tests  are  the  locations  of  the  two  vertical  supports.  The  first  support  is  at  the 
trunnions,  around  which  the  gun  tube,  breech,  and  cradle  rotate  freely.  The  second  support  was  a  jack 
screw  that  connected  to  the  cradle  housing  near  the  breech.  This  should  have  prevented  rigid  body 
rotation  of  the  system. 
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Figure  11.  Graphed  data  from  preliminary  test  A. 
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Figure  12.  Graphed  data  from  preliminary  test  B. 
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f  igure  13.  Test  stand  used  in  ihe  static  lo:uf  experiments. 
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Figure  15.  Gun  tube  loaded  160  inches  from  the  breech  ena  of  the  gun  tube. 

Test  Series  #1 


Liangth  (x-toe*tton) 


Figure  16.  Gun  tube  loaded  140  inches  from  the  breech  end  of  the  gun  tube. 
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Test  Series  #1 


Figure  17.  Gun  tube  loaded  120  inches  from  the  breech  end  of  the  gun  tube. 
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Figure  18.  Gun  tube  loaded  100  inches  from  the  breech  end  of  the  gun  tube. 
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Nonetheless,  the  results  indicate  that  a  measurable  rigid  body  rotation  was  occurring.  Whether  the  rigid 
body  rotation  was  the  result  of  clearances  between  the  piston  and  cradle,  die  piston  and  gun  tube,  or  about 
the  trunnion  was  unclear.  This  was  due,  in  part,  to  the  lack  of  gauges  between  those  associated  parts  and 
the  fact  that  no  gauges  at  all  had  been  placed  on  the  cradle  itself  to  determine  whether  it  was  rotating 
about  its  trunnions.  It  is  important  to  note,  however,  that  rotation  about  the  trunnions  was  possible, 
independent  of  the  jack  screw,  which  was  supposed  to  act  as  a  rigid  mount  For  instance,  clearances  exist 
between  the  bolts  and  collars  used  to  fasten  the  jack  screw  to  the  cradle.  Further,  the  jack  screw  could 
also  deform  under  the  axial  load  of  supporting  the  gun’s  rotation.  Recalling  that  the  displacement  5  is 
proportional  to  the  ratio  of  the  load  P  multiplied  by  the  length  l,  to  the  modulus  of  the  material  E 

multiplied  by  the  area  of  the  axial  member  A  (that  is:  8  ■ - ),  then  using  a  sample  analogy  that  the 

A  E 

1  load  P  was  on  the  order  of  1  x  103  lb,  the  axial  length  was  on  the  order  of  5  x  102  inches,  the  modulus 
was  approximately  30  x  106  lb/in2,  and  the  area  was  approximately  1  in2,  a  displacement  on  the  order  of 
several  thousandths  of  an  inch  was  possible.  Equally  important  to  note  is  that  the  displacements  being 
measured,  with  regard  to  the  rigid  body  rotation,  are  of  that  same  order.  Therefore,  it  was  clear  that 
gauges  would  be  needed  on  the  cradle  to  determine  whether  rigid  body  rotation  was  occurring  within  the 
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cradle  assembly  (i.e.,  being  caused  by  clearances  between  parts)  or  by  the  cradle  itself.  Just  the  same,  for 
the  first  two  test  series,  gauges  were  left  where  they  were.  It  was  recognized  that  the  rigid  body  rotation 
which  was  occurring,  whatever  its  cause,  could  be  investigated  in  subsequent  tests  by  simply  rearranging 
the  gauge  locations.  This  will  be  discussed  later. 

Also  important  to  note  in  these  figures  is  that  each  plot  is  graphed  in  accordance  with  the  minimum 
and  maximum  values  for  that  particular  load  condition.  For  example.  Figure  14  has  the  maximum  values 
on  the  order  of  90  thousands,  Figure  IS  on  the  order  of  85  thousands.  Figure  16  on  the  order  of 
SO  thousands,  and  so  on.  In  other  words,  the  magnitude  of  the  displacements  is  decreasing  as  the  moment 
being  applied  about  the  trunnion  is  decreasing  (as  would  be  expected).  Therefore,  Figure  19  with  its  load 
at  80  inches  represents  the  smallest  moment  and,  to  no  surprise,  the  smallest  displacements  as  well. 
Hence,  it  is  of  little  consequence  that  small  inaccuracies  in  the  gauge  reading  can  be  clearly  seen  for  the 
200-lb  loads  in  some  of  the  later  figures;  in  as  much  as  the  200-lb  load,  particularly  when  applied 
80  inches  from  the  breech-end  of  the  gun  tube,  puts  almost  no  structural  load  on  the  system  and  therefore 
only  minuscule  displacement  The  data  are  further  summarized  in  Tables  A-3  through  A-8. 

As  a  quick  check  of  the  displacements,  a  finite  element  model  was  developed  of  the  M256  gun  tube, 
piston,  cradle,  and  supports. 

In  order  to  incorporate  the  rigid  body  rotation  as  part  of  the  finite  element  calculation,  the  elevating 
mechanism  is  approximated  as  a  spring.  The  spring  constant  can  be  calculated  by  the  measured  rigid  body 
rotation  as  observed  at  the  breech.  In  the  tables  for  all  of  the  test  series,  this  location  is  referred  to  as 
gauge  position  -9  inches.  After  the  first  two  test  series,  which  had  only  the  gauge  at  position  of  -9  inches 
by  which  to  measure  the  rigid  body  rotation,  a  second  gauge  was  added  at  the  elevation  mechanism. 
Therefore,  starting  with  test  series  no.  3,  a  gauge  was  placed  at  the  elevating  mechanism  to  verify  the  rigid 
body  rotation.  The  gauge  at  the  elevating  mechanism  proved  that  rigid  body  rotation  was  occurring  and 
verified  the  displacements  at  the  breech.  Using  the  locations  at  the  pivot  point  (the  trunnions)  and  the 
location  of  the  gauges,  one  at  -9  inches  and  the  other  at  the  elevating  mechanism,  it  was  shown,  using 
the  law  of  similar  triangles,  that  both  gauge  locations  were  obtaining  nearly  identical  results.  In  fact, 
during  the  test  it  was  possible  to  look  at  one  gauge  and  estimate  very  accurately  the  reading  of  the  other 
gauge.  Nonetheless,  calculating  the  rigid  body  rotation  was  accomplished  by  using  the  breech  gauge 
reading.  This  was  done  in  part  since  the  rigid  body  rotation  was  more  pronounced  (larger)  at  the  breech 
end  of  the  gun  tube  than  at  the  elevating  mechanism  and,  therefore,  could  be  measured  more  accurately 
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there.  A  series  of  calculations  estimating  the  spring  constant  of  the  rigid  jack  stand  is  given  in  Appendix 
B.  As  would  be  expected,  there  is  some  variation  in  these  estimates  for  an  equivalent  spring  to  simulate 
the  elevating  mechanism  (recall  that  the  elevating  mechanism  for  test  no.  1  through  no.  5  was  a  nearly 
rigid  jack  screw).  This  was  due,  in  part,  to  the  crude  instrumentation  and  test  setup  to  measure  both  the 
load  being  applied  and  the  displacements  being  measured.  Additionally,  the  gun  tube  alone  weighs  more 
than  twice  the  maximum  applied  load  and  the  whole  M256  system  weighs  more  than  four  times  the  load 
being  applied.  Coupled  with  the  fact  that  the  rigid  body  rotation  was  typically  less  than  a  hundredth  of 
an  inch,  one  would  expect  the  consistency  of  the  data  to  be  considerably  reduced.  Examining  the  larger 
loads,  however,  pardculariy  those  applied  at  or  near  the  muzzle  end  of  the  gun  tube  (thus,  resulting  in 
higher  moments  about  the  trunnion),  resulted  in  more  consistent  spring  constant  estimates.  Figure  20 
shows  a  simplified  graphical  representation  of  the  finite  element  model  used  in  the  following  comparisons. 
The  model  uses  beam  elements  to  represent  the  gun  tube,  breech,  piston,  and  associated  parts  as  well  as 
the  cradle.  The  cradle  is  supported  at  the  same  approximate  location  as  the  actual  M256  trunnion  mounts, 
and  a  spring  damper  element  is  attached  to  the  model  at  the  same  location  as  is  the  elevating  mechanism. 
Then  the  load  is  applied  at  the  same  location  as  in  the  test,  and  the  resulting  displacement  profiles  are 
compared  between  the  model  and  the  results  from  the  maximum  load  in  Figures  14,  IS,  16,  and  17,  which 
are  given  in  Figures  21  through  24,  respectively. 

2.2  Test  Series  No.  2.  The  second  test  series  consisted  of  a  fully  configured  gun  tube  and  mount 
where  the  torque  on  the  thrust  nut  was  completely  released.  This  was  done  to  examine  the  effects  of 
variations  in  thrust  nut  torque  on  the  clearances  between  the  piston  and  gun  tube — that  is,  whether  the 
clearances  which  allow  the  gun  tube  to  be  assembled  within  the  cradle,  allow  the  assembly  to  move 
independently  of  their  associated  interfaces,  and  whether  the  torque  on  the  thrust  nut  affects  this 
phenomenon.  In  as  much  as  test  series  no.  1  had  the  thrust  nut  on  at  the  recommended  torque  and  test 
series  no.  2  removed  the  thrust  nut  completely,  it  was  felt  that  this  would  give  an  estimate  of  the 
magnitude  of  any  possible  displacements  between  associated  parts.  As  it  turned  out,  whether  the  thrust 
nut  was  on  or  off  for  those  tests  made  little  difference  in  the  observed  displacements  between  the 
associated  parts  in  the  M2S6  at  the  loads  that  were  applied.  Figures  25  through  30  summarize  the 
displacement  profiles  of  the  gun  at  each  of  the  load  locations  performed  for  test  conditions  in  test  series 
no.  2.  However,  when  considering  the  rigid  body  rotation,  large  variations  in  the  calculated  spring 
constant  can  be  observed.  Figure  31  compares  the  location  of  the  load  to  the  calculated  spring  constants 
for  the  elevating  mechanism  for  the  first  two  tests  at  the  600-lb  load  level.  As  can  be  seen  from  the 
results,  only  the  first  test  series,  which  consisted  of  a  fully  configured  gun  system,  gave  consistent  results. 
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Beam  Element  Model  of  Gun  Tube,  Piston  and  Cradle 
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Rigid  Connections 
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Comparison  between  calculated  and  observed  displacements,  test  series  no.  1. 600-lb  load 
at  180  inches  from  rear  face  of  gun  tube. 


Comparison  between  calculated  and  observed  displacements,  test  scries  no.  1.  600-lb 
at  160  inches  from  rear  face  of  gun  tube. 
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Displacements  in  Inches 
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Figure  31.  Spring  constants  vs.  load  location  from  test  series  nos.  1.  2.  and  3. 

Some  of  the  inconsistencies  could  have  been  caused  by  sloppy  recording  procedures.  However,  the 
most  likely  cause  was  due  to  the  gun-tube  shifting  its  position  within  the  cradle,  and  this  is  due  to 
clearances  between  associated  parts  in  the  M256  assembly.  With  tests  3, 4,  and  so  on,  some  of  the  parts 
were  loosened,  and  therefore  this  explanation  seems  plausible. 

2.3  Test  Series  No,  3.  While  test  series  no.  2  examined  the  possible  effect  of  a  loose  thrust  nut 
(which  reduced  the  axial  tension  induced  by  the  thrust  nut  on  the  gun  tube  and  piston  interface),  test  series 
no.  3  examined  the  effects  of  clearances  between  the  associated  parts  by  loosening  all  of  the  interfaces. 
This  was  accomplished  by  removing  the  king  nut  while  the  thrust  nut  was  still  off.  By  releasing  the 
torsion  on  both  the  king  nut  and  the  thrust  nut,  the  maximum  amount  of  clearance  between  the  gun  tube 
and  piston  was  present  in  the  system.  This  was  a  worst-case  scenario  where  the  only  mechanisms 
restraining  the  gun  tube  and  piston  to  the  cradle  at  the  front  of  the  cradle  were  the  mechanical  clearances 
that  existed  between  those  associated  parts.  The  results  from  this  test  series  are  summarized  in  Figures  32 
through  37.  As  noted  in  the  figures,  the  loads  at  200  lb  were  discontinued  for  the  reasons  already 
discussed.  Despite  the  clearances  that  existed  in  test  series  no.  3,  the  results  for  displacements  and 
displacement  profiles  were  similar  to  those  of  test  series  no.  1.  The  only  noticeable  difference  between 
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the  plotted  results  in  test  series  no.  1  and  test  series  no.  3  is  that  test  series  no.  3  profiles  are  not  as 
smooth  as  those  observed  in  test  series  no.  1.  A  smooth  profile  is  what  was  expected.  This  could  be 
caused  by  sloppiness  in  zeroing  gauges  or  possibly  by  jarring  the  gauge  mounts  whm  transitioning 
between  load  values.  It  could  also  be  caused  by  the  clearances  in  the  assembly  and  the  fact  that  both  the 
thrust  nut  and  the  king  nut  were  disengaged. 

2.4  Test  Series  No.  4.  Test  Series  no.  4  considered  a  fully  configured  gun  system  as  in  test  series 
no.  1.  However,  two  gauges  were  relocated  to  measure  relative  displacements  between  the  cradle  and 
piston  and  the  piston  and  the  gun  tube.  The  loads  were  also  increased  to  include  loads  up  to  1,000  lb. 
In  this  series,  loads  were  applied  only  near  the  muzzle.  Locations  near  the  muzzle  produced  a  larger 
moment  arm  and  enabled  a  significant  load  to  be  applied  at  the  sliding  interfaces  inside  the  cradle.  As 
loads  are  moved  inward  from  the  muzzle,  as  was  done  in  the  first  several  test  series,  the  moment  is  less, 
and  the  load  becomes  insufficient  to  even  lift  the  weight  of  the  gun  tube,  much  less  load  it  Therefore, 
the  muzzle  loading  was  more  desirable  since  the  test  was  limited  in  the  extent  to  which  a  load  could  be 
applied.  In  any  event,  the  results  indicated  that  there  was  some  displacements  occurring  between  the 
cradle  and  thrust  nut  and  between  the  thrust  nut  and  gun  tube  which  were  on  the  order  of  the  clearances 
between  those  parts.  These  results  are  summarized  in  Figures  38  and  39.  The  displacement  reading  of 
the  gauges  between  the  cradle  and  thrust  nut  and  the  thrust  nut  and  the  gun  tube  are  indicated  beneath  the 
legends  in  these  plots.  Although  these  displacements  undoubtedly  contribute  to  the  rigid  body  rotation 
being  observed,  they  are  smaller  by  comparison  to  those  observed  at  the  elevating  mechanism  for  similar 
loads  at  the  same  location.  It  is  also  unclear  from  the  results  whether  the  gun  tube  and/or  the  piston  is 
tilting  within  the  cradle  due  to  clearances  or  whether  a  slight  deformation  being  observed  is  due  to  small 
deformations  in  the  cradle  and  pistoa  Both  are  possible.  However,  the  former  is  the  most  likely  the 
cause  of  the  deformations.  The  real  question  is  how  best  to  model  these  clearances  and  how  these 
clearances  will  affect  the  dynamics  of  the  overall  system  when  it  is  fired.  Undoubtedly,  these  clearances 
make  it  more  difficult  to  model  this  phenomenon  using  a  linear  approximation. 

2.4.1  Test  Series  4A.  As  a  final  part  of  test  series  no.  4,  a  load  was  applied  at  the  breech 
approximately  9  inches  back  from  the  rear  face  of  the  tube.  If  the  deformations  observed  between  the 
cradle  and  thrust  nut  and  the  thrust  nut  and  gun  tube  were  being  caused  by  slight  deformations  in  the 
associated  parts,  the  gauges  should  have  recorded  a  negative  displacement.  If,  on  the  other  hand,  the 
displacements  were  occurring  due  to  clearances  between  parts,  tlK?e  gauges  should  remain  at  zero.  The 
results  from  this  test  are  shown  in  Figure  40.  As  can  be  seen,  the  gauges  remained  zero  throughout  the 
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Test  Series  #4 


Langft  (x-toocfion) 


Figure  38.  Gun  tube  load  200  inches  from  breech  end  of  the  gun  tube. 


Test  Series  #4A 


Breach  Load 


Figure  40.  Gun  tube  load  on  breech  end  of  gun  tube. 

loading  sequences.  This  is  a  strong  point  for  the  argument  that  the  clearances  between  the  associated  parts 
are  the  cause  of  the  measured  displacements  in  the  previous  test  between  the  cradle  piston  and  gun  tube. 

2.5  Test  Series  No.  5.  There  has  been  some  speculation  on  the  possible  role  of  the  retaining  bolt 
in  causing  the  breech  to  move  downward  during  firing.  The  retaining  bolt  is  located  near  the  end  of  the 
gun  tube  on  the  breech.  Basically,  its  purpose  is  to  lock  the  gun  tube  to  the  breech  by  preventing  the  gun 
tube  from  rotating  relative  to  the  breech.  The  gun  tube  and  breech  are  actually  fastened  together  through 
a  series  of  engaging  threads  which  interlock  upon  assembly  of  the  gun  tube  and  breech.  (See  Introduction 
for  further  details.)  While  it  was  impossible  to  pressurize  the  gun  tube  during  this  test,  it  was  possible 
to  remove  the  retaining  bolt  and  repeat  test  series  no.  1  to  see  if  there  was  any  effect  on  the  observed 
displacements.  Once  again,  only  the  loads  being  applied  close  to  the  muzzle  were  repeated.  The  results 
of  these  tests  are  given  in  Figures  41  through  43.  These  displacement  profiles  are  nearly  identical  to  those 
observed  in  test  series  no.  1.  It  is  also  important  to  note  that  the  displacements  between  the  cradle  and 
piston  as  well  as  between  the  piston  and  gun  tube  are  considerably  less  than  what  was  observed  in  test 
series  no.  4.  From  this,  it  may  be  concluded  that  some  displacement  was  occurring  between  these  parts 
but  that  the  methods  and  load  levels  used  during  this  test  series  were  insufficient  to  make  definite 
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Test  Series  #5 


Retainer  bolt  removed 


Figure  43.  Gun  Tube  load  160  inches  from  breech  end  of  the  gun  tube. 

conclusions.  However,  it  was  recommended  that  on  the  next  firing  test,  where  eddy  probe  measurements 
are  made,  that  these  measurements  include  gauge  locations  along  the  cradle,  in  addition  to  the  ones 
typically  located  on  the  breech.  This  will  help  determine  whether  the  observed  tendency  of  the  breech 
to  drop  is  caused  by  motion  of  the  gun  tube,  piston,  and  breech  within  the  cradle,  or  is  occurring  at  the 
cradle  itself. 

2.6  Test  Series  No.  6.  The  last  test  series  was  done  on  an  M256  system  mounted  in  an  Ml  A1  tank. 
In  this  test  series,  the  jack  screw  at  the  elevating  mechanism  was  not  used.  Rather,  the  actual  hydraulic 
elevating  mechanism  was  used.  Therefore,  it  was  understood  that  the  spring  constant  used  in  the  previous 
calculations  would  be  drastically  reduced.  In  fact,  the  first  load  level  that  was  tried,  600  lb  at  the  muzzle, 
produced  displacements  that  completely  released  the  dial  gauges  being  used  to  measure  them.  Therefore, 
only  loads  of  300  lb  and  500  lb  were  used.  The  results  in  this  series  are  given  in  Figures  44  through  47. 
Noted  in  these  figures  is  the  hydraulic  reservoir  pressure  although  it  is  unclear  whether  this  had  any  effect 
on  the  results.  Additionally,  values  for  K  from  the  rigid  body  rotation  are  given  in  Appendix  B.  As  can 
be  seen,  there  is  considerable  scatter  in  this  data.  While  the  results  probably  give  a  reasonable  estimate 
of  the  order  of  magnitude  (or  the  linear  approximation  of  the  elevating  mechanism  using  a  spring  damper 
system),  that  is  the  limit  of  their  value. 
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3.  CONCLUSIONS 


The  tests  done  on  the  M256  gun  mounted  in  a  rigid  floor  mount  showed  that  the  gun  tube  and  mount 
underwent  a  rigid  body  rotation  about  the  trunnions.  The  test  further  showed  that  the  rigid  body  rotation 
occurred  to  a  small  degree  due  to  clearances  between  associated  parts  in  the  system  and  that  this 
phenomenon  might  lead  to  nonlinear  dynamic  behavior  of  the  system.  It  was  shown,  for  the  simple  static 
load  case,  that  the  system  could  be  accurately  modeled  using  a  straight  forward  beam  element 
representation.  It  was  also  shown  that  the  rigid  body  rotation  could  be  accounted  for  with  a  linear  spring 
damper  located  at  the  elevating  mechanism.  Similar  results  and  conclusions  can  be  made  from  the  test 
that  was  done  on  the  M256  mounted  in  an  Ml  A1  tank.  However,  approximating  the  elevating  mechanism 
with  a  simple  spring  damper  is  more  difficult  for  this  case  due  to  the  large  amount  of  scatter  observed  in 
the  data  as  well  as  the  limited  amount  of  data  taken.  Nonetheless,  valuable  information  concerning  part 
connections  and  clearances  were  determined  from  these  relative  simple  and  inexpensive  tests.  For 
instance,  it  would  appear  from  the  data  taken  that  assuming  a  rigid  mount  between  the  adapter,  bearing, 
thrust  nut,  king  nut,  piston,  and  gun  tube  is  a  reasonable  assumption.  However,  modeling  the  interfaces 
between  the  cradle  and  piston  (the  recoil  mechanism)  will  require  closer  examination  and  imagination. 

These  tests  also  underscore  the  importance  of  conducting  additional  tests — namely,  a  modal  survey 
of  the  M256  system  mounted  in  an  Ml  A1  tank.  Simple  inexpensive  tests  such  as  this  one  or  the  proposed 
modal  survey  increase  knowledge  about  important  system  parameters  and  enable  more  realistic  and  reliable 
numerical  models  to  be  developed.  In  developing  a  simple  or  complicated  finite  element  model  of  the 
M256  mounted  in  an  M1A1,  it  is  critical  that  the  model  have  the  same  boundary  conditions  and  geometric 
attributes  as  the  actual  system.  Therefore,  these  tests  help  assure  that  both  the  model  and  actual  system’s 
response  will  be  the  same  when  subjected  to  static  and/or  dynamic  loads.  Only  after  these  validations  are 
accomplished  is  it  reasonable  to  expect  that  the  numerical  model  will  predict  actual  observed  phenomenon. 
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APPENDIX  A: 

DISPLACEMENT  GAUGE  MEAUSREMENTS: 
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Table  A-l.  Preliminary  Test  "A,"  Test  Configuration:  Assembled,  Loaded  206  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

500# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

— 

-10 

— 

-33 

— 

-46/- 34 

2 

76.5 

— 

8 

— 

26 

— 

27/30 

3 

Floor* 

— 

0 

— 

0 

— 

0/D 

4 

120 

— 

25 

— 

80 

— 

83/84 

5 

180 

— 

48 

— 

160 

— 

169/168 

6 

200 

— 

81 

— 

162 

— 

179/190 

“The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M236  system  was  being  moved  by  the  applied  loads. 


Table  A-2.  Preliminary  Test  ”B,”  Test  Configuration:  Assembled,  Loaded  100  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  j 

200# 

400# 

500#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

— 

-4 

— 

-7 

— 

-9 

2 

76.5 

— 

3 

— 

6 

— 

7 

3 

Floor* 

— 

0 

— 

0 

— 

0 

4 

120 

— 

11 

— 

17 

— 

21 

5 

180 

— 

12 

— 

26 

— 

31 

6 

200 

— 

15 

— 

34 

— 

42 

“The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


41 


Table  A-3.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  180  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

205 

-4 

380 

-9 

574 

-14 

2 

76.5 

207 

4 

382 

8 

578 

12 

3 

Root* 

208 

384 

0 

580 

r~  | 

4 

110 

212 

10 

388 

20 

584 

31 

5 

150 

220 

21 

392 

42 

596 

67 

6 

170 

235 

29 

405 

58 

626 

93 

^The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-4.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  160  inches 


Gauge 

Position 


Target  Load 


400# 


READ 


READ 


1 

-9 

195 

-3 

407 

2 

76.5 

197 

3 

410 

3 

Floor* 

201 

0 

14 

4 

110 

203 

8 

417 

5 

150 

191 

16 

424 

6 

170 

193 

21 

435 

READ 

DISP 

592 

-12 

600 

11 

602 

610 

27 

620 

56 

640 

86 

*The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-S.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  140  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  | 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

225 

-3 

400 

-6 

583 

-10 

2 

76.5 

227 

3 

402 

6 

590 

• 

3 

Floor* 

230 

405 

0 

5% 

4 

110 

235 

6 

412 

13 

602 

20 

5 

150 

240 

12 

420 

24 

615 

38 

6 

170 

250 

16 

440 

33 

629 

50 

aThe  floor-mounted  gauge  was  attached  to  the  front  of  die  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-6.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  120  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  | 

200# 

400# 

600#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP  1 

1 

-9 

257 

-3 

410 

-5 

605 

-8 

2 

76.5 

258 

3 

413 

+5 

609 

+7  1 

3 

Floor* 

260 

0 

415 

0 

611 

4 

110 

262 

7 

420 

11 

617 

16 

5 

150 

264 

9 

423 

17 

625 

27 

6 

170 

266 

11 

425 

21 

640 

34 

*The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M2S6  system  was  being  moved  by  the  applied  loads. 
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Table  A-7.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  100  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

229 

-2 

401 

-3 

616 

-6 

2 

76.5 

230 

2 

408 

3 

620 

5 

3 

Floor* 

234 

0 

414 

0 

622 

0 

4 

110 

237 

3 

419 

7 

628 

11 

5 

150 

241 

6 

425 

12 

633 

19 

6 

170 

247 

7 

445 

15 

635 

23 

aThe  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-8.  Test  Series  No.  1,  Test  Configuration:  Assembled,  Loaded  80  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

222 

-1 

390 

-2 

607 

-3 

2 

76.5 

224 

1 

392 

2 

615 

3 

3 

Floor* 

225 

0 

397 

0 

620 

0 

4 

110 

228 

1 

404 

4 

625 

6 

5 

150 

232 

3 

410 

6 

643 

10 

6 

170 

239 

3 

422 

7 

660 

12 

*The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  plotk  m  supporting 
the  M2S6  system  was  being  moved  by  the  applied  loads. 
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Table  A-9.  Test  Series  No.  1  -  Retest  of  First  Load,  Test  Configuration:  Assembled,  Loaded  at 
200  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

229 

-5 

454 

-11 

629 

-17 

2 

76.5 

230 

4 

457 

9 

633 

13 

3 

Floor* 

230 

0 

462 

0 

637 

0 

4 

110 

234 

11 

466 

24 

640 

35 

5 

150 

237 

24 

470 

53 

647 

86 

6 

170 

240 

34 

480 

82 

655 

103 

*The  floor-mourned  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A- 10.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  180  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  ~j 

200# 

400# 

600#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

205 

-5 

389 

-10 

573 

-15 

2 

76.5 

208 

3 

392 

7 

576 

11 

3 

Floor* 

209 

0 

394 

579 

0 

4 

110 

212 

9 

398 

20 

582 

32 

5 

150 

218 

20 

403 

42 

595 

67 

6 

170 

230 

29 

413 

59 

609 

94 

*11)0  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 
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Table  A-ll.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  160  indies 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-1 

206 

-3 

410 

-7 

586 

-12 

2 

76.5 

207 

2 

414 

6 

592 

10 

3 

Floor* 

209 

417 

0 

595 

4 

110 

211 

6 

421 

16 

602 

25 

5 

150 

213 

12 

427 

32 

610 

52 

6 

170 

224 

17 

440 

45 

630 

69 

“The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-12.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  140  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

236 

-3 

456 

-7 

599 

-9 

2 

76.5 

238 

2 

458 

6 

603 

8 

3 

Floor* 

239 

462 

1 

605 

1 

4 

110 

241 

7 

464 

15 

610 

21 

5 

150 

243 

13 

465 

27 

618 

41 

6 

170 

250 

17 

467 

38 

627 

53 

“The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 
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Table  A- 13.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  at  120  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  | 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-1 

252 

-2 

430 

-5 

584 

-7 

2 

76.5 

252 

2 

433 

4 

587 

6 

3 

Floor* 

253 

0 

435 

590 

4 

110 

253 

6 

438 

11 

593 

16 

5 

150 

253 

10 

441 

19 

600 

28 

6 

170 

248 

12 

443 

25 

604 

36 

*The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-14.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  at  100  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

236 

-1 

418 

-3 

616 

-5 

2 

76.5 

236 

1 

422 

3 

623 

4 

3 

Floor* 

236 

424 

628 

MMHi 

4 

110 

236 

2 

424 

6 

633 

11 

5 

150 

235 

3 

432 

9 

646 

16 

6 

170 

233 

4 

436 

12 

655 

21 

*The  floor-mounted  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 
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Table  A- 15.  Test  Series  No.  2,  Test  Configuration:  Thrust  Nut  Off,  Loaded  at  80  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

200# 

400# 

600# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-1 

224 

-1 

382 

-2 

605 

-3 

2 

76.5 

225 

1 

384 

2 

610 

3 

3 

Floor* 

227 

0 

387 

615 

I 

4 

110 

229 

2 

390 

4 

625 

7 

5 

150 

232 

3 

394 

6 

630 

11 

6 

170 

235 

4 

402 

8 

650 

14 

*The  floor-mourned  gauge  was  attached  to  the  front  of  the  stationary  stand  and  measured  whether  the  platform  supporting 
the  M256  system  was  being  moved  by  the  applied  loads. 


Table  A-16.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  180  inches 


Disp. 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

429 

-11 

585 

-16 

833 

-26 

2 

76.5 

434 

9 

595 

13 

841 

26 

3 

Elev.  Mech“ 

425 

-3 

580 

-4 

830 

-6 

4 

110 

440 

24 

602 

34 

847 

41 

5 

150 

446 

50 

610 

82 

855 

120 

6 

170 

456 

80 

625 

100 

864 

143 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism’s  bracket  on  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M2S6  was  exhibiting  rigid  body  displacement 
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Table  A-17.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  160  inches 


Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

395 

-7 

635 

-14 

736 

-17  1 

2 

76.5 

398 

6 

639 

11 

791 

15 

3 

Elev.  Mech* 

391 

-2 

633 

-4 

730 

-5 

4 

110 

403 

15 

642 

29 

798 

37 

5 

150 

410 

31 

646 

58 

804 

84 

6 

170 

430 

43 

659 

87 

815 

99 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism’s  bracket  of  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M256  was  exhibiting  rigid  body  displacement 


Table  A-18.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  140  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800#  | 

READ 

DISP 

READ 

DISP 

DISP 

1 

-9 

413 

-6 

581 

-10 

787 

-14 

2 

76.5 

416 

5 

587 

8 

791 

12 

3 

Elev.  Mecha 

410 

-2 

575 

-3 

783 

-4 

4 

110 

422 

13 

593 

20 

797 

29 

5 

150 

428 

26 

601 

39 

802 

57 

6 

170 

440 

34 

615 

50 

807 

81 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  of  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M256  was  exhibiting  rigid  body  displacement 
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Table  A-19,  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  120  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

443 

-5 

637 

-8 

818 

-11 

2 

76.5 

447 

4 

641 

7 

823 

9 

3 

Elev.  Mecha 

438 

-2 

633 

-2 

812 

-3 

4 

110 

451 

11 

646 

12 

830 

23 

5 

150 

458 

20 

652 

30 

837 

41 

6 

170 

470 

24 

660 

37 

850 

50 

*A  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  of  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M256  was  exhibiting  rigid  body  displacement. 


Table  A-20.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  100  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

413 

-3 

591 

-5 

794 

-7 

2 

76.5 

415 

3 

595 

5 

802 

7 

3 

Elev.  Mech* 

410 

-1 

588 

-1 

788 

-2 

4 

110 

418 

8 

599 

11 

809 

16 

5 

150 

423 

12 

607 

18 

823 

26 

6 

170 

428 

16 

621 

23 

840 

33 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  of  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M256  was  exhibiting  rigid  body  displacement. 
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Table  A-21.  Test  Series  No.  3,  Test  Configuration:  King  Nut  Off,  Loaded  at  80  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load  || 

400# 

600# 

800#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

416 

-2 

610 

-3 

830 

-5 

2 

76.5 

419 

2 

615 

3 

836 

5 

3 

Elev.  Mech* 

413 

-1 

604 

-1 

824 

-> 

4 

110 

422 

4 

622 

7 

843 

10 

5 

150 

428 

7 

630 

11 

852 

16 

6 

170 

433 

8 

640 

13 

860 

19 

8 A  gouge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism’s  bracket  on  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M2S6  was  exhibiting  rigid  body  displ-  cement 


Table  A-22.  Test  Series  No.  4,  Test  Configuration:  Assembled,  Loaded  at  200  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

1000# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

431 

-13 

625 

-20 

772/817 

-25/-28 

891 

-31 

2 

Elev. 

Mech8 

428 

-3 

622 

-4 

779/816 

-6/-6 

903 

H 

3 

Cradle  to 
Thrustb 

435 

1 

635 

2 

784/820 

2/5 

910 

i 

4 

Thrust  to 
Tubec 

439 

1 

640 

2 

792/821 

2/2 

916 

3 ! 

5 

150 

447 

57 

648 

88 

801/822 

113/123 

930 

137  | 

6 

170 

463 

80 

664 

122 

823/825 

156/168 

945 

189  | 

8 A  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  on  the  cradle.  This  gauge 
gave  a  good  indication  of  whether  the  M2S6  was  exhibiting  rigid  body  displacement 

bA  gauge  was  attached  between  the  cradle  and  thrust  nut  to  measure  relative  displacement  between  the  cradle  and  piston 
mechanisms. 

CA  gauge  was  placed  between  the  thrust  nut  and  gun  tube  to  measure  relative  displacement  between  the  piston  mechanism 
and  gun  tube.  Gauge  measurement  was  recorded  8  inches  out  on  gun  tube  from  gauge  mount  on  piston. 
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Table  A-23.  Test  Series  No.  4,  Test  Configuration:  Assembled  Breech  Lift  Up,  Loaded  at  0.0  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

421 

7 

659 

10 

927 

12 

2 

Elev.  Mecha 

410 

3 

647 

3.5 

813 

4 

3 

Candle  to 
Thmstb 

426 

0 

638 

0 

790 

0 

4 

Thrust  to 
Tubec 

433 

0 

638 

0 

790 

0 

5 

150 

445 

-1 

629 

-15 

780 

-19 

6 

170 

462 

-14 

620 

-19 

775 

-23 

*A  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism’s  bracket  on  the  cradle.  This  gauge  gave  a  good 
indication  of  whether  the  M2S6  was  exhibiting  rigid  body  displacement. 

bA  gauge  was  attached  between  the  cradle  and  thrust  nut  to  measure  relative  displacement  between  the  cradle  and  piston  mechanisms. 
CA  gauge  was  placed  between  the  thrust  nut  and  gun  tube  to  measure  relative  displacement  between  the  piston  mechanism  and  gun  tube. 
Gauge  measurement  was  recorded  8  indies  out  on  gun  tube  from  gauge  mount  on  piston. 

Tabic  A-24.  Test  Series  No.  5,  Test  Configuration:  Assembled,  Retainer  Bolt  Removed,  Loaded  at  200  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

420 

-12 

591 

-18 

797 

-35 

2 

Elev. 

Mech.a 

417 

-3 

594 

-6.5 

801 

-11 

3 

Cradle  to 
Thrusr 

429 

1 

599 

2 

806 

3 

4 

Thrust  to 
Tubec 

429 

1 

603 

1 

813 

1 

5 

150 

431 

55 

606 

93 

830 

140 

6 

450 

75 

617 

124 

— 

150? 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  on  the  cradle.  This  gauge  gave  a  good 
indication  of  whether  the  M256  was  exhibiting  rigid  body  displacement. 

bA  gauge  was  attached  between  the  cradle  and  thrust  nut  to  measure  relative  displacement  between  the  cradle  and  piston  mechanisms. 

O 

A  gauge  was  placed  between  the  thrust  nut  and  gun  tube  to  measure  relative  displacement  between  the  piston  mechanism  and  gun  tube. 
Gauge  measurement  was  recorded  8  inches  out  on  gun  tube  from  gauge  mount  on  piston. 


52 


Table  A-2S.  Test  Series  No.  S,  Test  Configuration:  Retainer  Bolt  Removed,  Loaded  at  130  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800# 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

444 

-9 

629 

-14 

786 

-19 

2 

Elev. 

Mech.* 

441 

-3 

632 

-5 

784 

-6 

3 

Cradle  to 
Thrust" 

446 

2 

635 

2 

787 

3 

4 

Thrust  to 
Tubec 

449 

0 

638 

0 

789 

0 

5 

150 

454 

40 

644 

65 

794 

87 

6 

170 

460 

56 

653 

88 

798 

107 

*A  gauge  wa>  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism's  bracket  on  the  cradle.  Thia  gauge  gave  a  good 
indication  of  whether  the  M2S6  wai  exhibiting  rigid  body  displacement. 

°A  gauge  was  attached  between  the  cradle  and  thnut  nut  to  measure  relative  displacement  between  the  cradle  and  piston  mechanisms. 
CA  gauge  was  placed  between  the  thrust  nut  and  gun  tube  to  measure  relative  displacement  between  the  piston  mechanism  and  gun  tube. 
Gauge  measurement  was  recorded  8  inches  out  on  gun  tube  from  gauge  mount  on  piston. 


Table  A-26.  Test  Series  No.  5,  Test  Configuration:  Assembled,  Retainer  Bolt  Removed,  Loaded  at  160  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

400# 

600# 

800#  | 

READ 

DISP 

READ 

DISP 

READ 

DISP 

1 

-9 

433 

-7 

614 

-11 

790 

-16 

2 

Elev. 

Mech* 

430 

-3 

609 

-4 

786 

-15 

3 

Cradle  to 
Thrust” 

436 

1 

617 

1 

795 

2 

4 

Thrust  to 
Tubec 

440 

0 

620 

0 

799 

0 

5 

150 

445 

32 

625 

51 

805 

70 

6 

170 

460 

44 

636 

67 

812 

92 

aA  gauge  was  attached  between  the  stationary  floor  mount  and  the  elevating  mechanism’s  bracket  on  the  cradle.  This  gauge  gave  a  good 
^indication  of  whether  the  MZ56  was  exhibiting  rigid  body  displacement. 

A  gauge  was  attached  between  the  cradle  and  thrust  nut  to  measure  relative  displacement  between  the  cradle  and  piston  mechanisms. 

Q 

A  gauge  was  placed  between  the  thrust  nut  and  gun  tube  to  measure  relative  displacement  between  the  piston  mechanism  and  gun  tube. 
Gauge  measurement  was  recorded  8  inches  out  on  gun  tube  from  gauge  mount  on  piston. 
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Table  A-27.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 
Assembled,  Loaded  at  200  inches 


Target  Load 

300# 

500# 

Disp 

Gauge 

No. 

Gauge 

Position 

READ 

HYDRAULIC 

PRESS 

DISP 

READ 

HYDRAULIC 

PRESS 

DISP 

1 

-9 

309/316 

— /1400 

-48/-30 

512/522 

— /1150 

-92Z-75 

2 

Trunnion* 

309/316 

— /1400 

-9/-S 

512/503 

— /1 150 

—16.5/— 15 

3 

110 

309/344 

— /1400 

69/47 

512/502 

— /1150 

140/121 

4 

150 

322/322 

— /1400 

122/83 

512/— 

— /1 150 

259/305 

5 

170 

323/325 

—1400 

151/112 

513/— 

-VI 150 

308/— 

*A  gauge  was  placed  closer  to  the  trunnion  supports  to  verify  the  large  rigid  body  rotation  being  observed  at  the  back  of 
the  breech. 


Table  A-28.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration: 
Assembled,  Loaded  at  160  inches 


Target  Load 

300# 

500# 

Disp 

Gauge 

No. 

Gauge 

Position 

READ 

HYDRAULIC 

PRESS 

DISP 

READ 

HYDRAULIC 

PRESS 

DISP 

1 

-9 

270 

1300 

-75 

511 

1200 

-155 

2 

Trunnion* 

277 

1300 

-12 

520 

1200 

-23 

3 

110 

308 

1300 

111 

532 

1200 

177 

4 

150 

282 

1300 

186 

530 

1200 

300 

5 

170 

307 

1300 

223 

541 

1200 

362 

®A  gauge  was  placed  closeT  to  the  trunnion  supports  to  verify  the  large  rigid  body  rotation  being  observed  at  the  back  of 
the  breech. 
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Table  A-29.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  Ml  A1  Tank,  Test  Configuration: 
Assembled,  Loaded  at  120  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

300# 

500#  | 

READ 

HYDRAULIC 

PRESS 

DISP 

READ 

HYDRAULIC 

PRESS 

DISP 

1 

-9 

314 

1100 

-25 

491 

1500 

-51 

2 

Trunnion* 

314 

1100 

-4 

491 

1500 

-9 

3 

110 

318 

1100 

40 

497 

1500 

79 

4 

150 

324 

1100 

70 

501 

1500 

131 

5 

170 

325 

1100 

84 

503 

1500 

156 

*A  gauge  was  placed  closer  to  the  trunnion  supports  to  verify  the  large  rigid  body  rotation  being  observed  at  the  bade  of  the  breech. 


Table  A-30.  Test  Series  No.  6  -  M256  Gun  Tube  Mounted  in  M1A1  Tank,  Test  Configuration. 
Assembled,  Loaded  at  80  inches 


Disp 

Gauge 

No. 

Gauge 

Position 

Target  Load 

300# 

500#  | 

READ 

HYDRAULIC 

PRESS 

DISP 

READ 

HYDRAULIC 

PRESS 

DISP 

1 

-9 

307 

1300 

-8 

509 

1200 

-20 

2 

Trunnion* 

307 

1300 

-1 

519 

1200 

-4 

3 

110 

307 

1300 

11 

521 

1200 

27 

4 

150 

308 

1300 

20 

524 

1200 

53 

5 

170 

308 

1300 

24 

525 

1200 

62 

*A  gauge  was  placed  closer  to  the  trunnion  supports  to  verify  the  large  rigid  body  rotation  being  observed  at  the  back  of  the  breech. 
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APPENDIX  B: 

METHOD  FOR  CALCULATING  ELEVATING  MECHANISMS  SPRING  CONSTANT 
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INTENTIONALLY  LEFT  BLANK. 
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Spring  Constant  Calculations  for  Test  Series  1 


Load  -  200#  •  180  In.  Load  -  8008  •  180  In 


200(180-374) 

(374-10.7) 

-  1378# 

F.  - 

400(180-37.4) 

(374-10.7) 

-  2756# 

20.7 

464 

-  00170 

y*  - 

J&L  20.7 

464 

-  .00402 

1370 

m  774 157 

k  - 

2750 

•  086,572 

■00170 

“  1  1  “i  1— 1 

•k 

.00402 

Load -8008#  180  In 


F 


i 


y» 


k 


600(180-37.4) 

(374-16.7) 


.014 

464 


20.7 


4133 

.00625 


Load  “  200#  O  100  In. 


.  4133# 

F.  - 

200(160-374) 

-  1185# 

s 

(37.4-16.7) 

-  .00825 

y.  - 

™  20.7 
40.4 

-  .00134 

-  0014180 

k  - 

1185 

X0134 

.  884.328 

Load  -  4008  •  160  In 


400  (180  -  37.4) 

-  2360# 

(374-10.7) 

-  -^9®.  20.7 

-  .00357 

484 

2388 

-  063,585 

.00357 

Load-6008  •  100 In 


F,  . 

800(160-37.4) 

•  3554# 

1 

(37.4-16.7) 

y.  - 

20.7 

464 

.00535 

k  - 

3554 

.00535 

•  664289 
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Spring  Constant  Calculations  for  Test  Series  1  (continued) 


Load -20900  140  h.  Load  -  400*  •  140  In 


200  (140  -  37,4) 

-  881# 

F.  - 

400(140-374) 

-  1883# 

r8 

(37.4-18.7) 

i 

(374-18.7) 

y.  - 

■^9?-  20.7 

46.4 

-  00134 

y*  - 

JPO*  20.7 

484 

-  00288 

k  - 

891 

00134 

-  738,552 

k  - 

1883 

.00288 

-  738,825 

Load  -  5C0S  9  140  In 


F,  - 

800(140-37.4) 

(37.4-18.7) 

-  2974# 

F.  - 

y,  - 

20.7 

48  4 

-  .00448 

y.  - 

k  - 

2974 

00448 

-  808.818 

k  - 

Load*  200#  O  120  In. 

200(120-37.4) 


(37.4- 18.7) 
■003 
48.4 

788 

00134 


20-7 


780  # 
00134 
688.808 


Load -400#  9120  In 


400(120-37.4) 
(374  - 18.7) 

-  1506# 

20.7 

484 

-  .00223 

1588 

.00223 

-  716.885 

Load -BOO#  01 20 In 


800  (120  -  37.4) 

-  2384# 

(374-187) 

<*»  20.7 

-  00357 

484 

2394 

•  670,588 

00357 

60 


Spring  Constant  Calculations  for  Test  Series  1 


Load  -  2009  S  100  la 
F.  « 


y.  - 

k  - 


.000892 


Load ”4009  •  100 In 


200  (100  -  37.4) 

-  805# 

F,  . 

400  (100  -  37.4) 

-  1210# 

(37.4-18.7) 

6 

(37,4-18.7) 

JSSL  20.7 
48.4 

-  4X080 2 

y»  - 

20.7 

464 

«  4)0134 

BOS 

-  678,251 

k  - 

1210 

-  802.885 

Load »8C0ff  ©  100 In 


Load  -  200#  ©  80  In, 


800(100-37.4) 

(374-18.7) 

1814# 

F  m 

200(80-37 4) 

m 

412# 

F.  " 

m 

rt 

(37.4-18.7) 

Y,  - 

20.7 

484 

m 

.00288 

Y.  - 

J5I  20.7 

48.4 

m 

.000446 

1814 

678.868 

k  - 

412 

0 » 

823.787 

k  - 

m 

.00288 

Load -900#  ©00  In 

Load  -  400#  © 

80  In 

800(80-374) 

(374-16.7) 

f,  - 

400  (80  -  374) 

m 

823# 

F.  - 

m 

1235# 

(374  - 18.7) 

20.7 

y.  - 

:».7 

00 

.00134 

Y,  " 

m 

.000692 

4 84 

484 

823 

k  - 

1235 

m 

821.042 

It  - 

m 

922.949 

.00134 

XS00892 
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Spring  Constant  Calculations  for  Test  Series  2 


Load -200*  Q  180  Irv 

200(180  -  374) 

*  “  (37.4-18.73 

.006 

v.  -  -557  »■' 

1371 

k  “  .00723 


1378  9 


.00223 


-  817,137 


Load-4008  •  180 in 

F  -  «X>  (180-37.4) 

'  "  (374- 16-7) 


y»  - 


k  - 


xno  , 

484 

2758 

xjoue 


2756# 


.00443 


•>  81 7, ©37 


Load-8000  ®  190 In 

F  -  800(180  -  37,4) 

*  "  (37.4-16.7) 

y,  -  20.7 

484 


-  4133# 

Load  “200#  9  100  In. 

200(180-374) 

F_  ■  -  ■  ■  - - 

-  1185# 

*  (37.4-16.7) 

.003 

y.  -  -  20.7 

-  .00134 

»  .30008 

46.4 

1185 

k  ■  . — 

-  884,328 

-  817,788 

•C0 134 

Load -4000  6  160  In 

F  -  400(160  -  37.4) 

*  "  (37.4-10.7)  ' 

y,  -  *5!  20.7 

434 

<.  _  2389 

*  "  .00312 


y»  - 


2389# 


.00312 


-  759,295 


Load  -  800#  •  180  In 

F  -  800(160-37.4) 

*  "  (374-18.7) 


y»  - 


k  - 


484 

3554 

.00535 


m  3554* 


XOS35 


-  884,298 
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Spring  Constant  Calculations  for  Test  Series  2  (continued) 


Load  -  200#  ©  140  In.  U*d  •  40W  •  140  In 


f  _ 

200(140  -  374) 

-  991# 

F.  " 

400(140-37/4) 

-  1533  9 

(37.4-16.7) 

(37/4- 16.7) 

y»  - 

S" 

~  .00134 

y»  - 

-^1  20.7 

46/4 

-  .KOI  2 

k  - 

991 

.00134 

-  739.552 

k  - 

1993 

.00312 

-  635.577 

Load  -  8000  ®  140  In 


y. 


k 


800(140-37.4} 

(37.4-16.7) 


■009 

46/4 


20.7 


2974 

.00402 


Load  -  200#  O  1201a. 


F  ar 

200(120-37.4) 

-  789# 

2974# 

r» 

(37.4-18.7) 

J004Q2 

y«  - 

-4*5?-  20.7 

46.4 

-  .000992 

739.601 

k  - 

789 

.000892 

-  894619 

Load -400$  O  120  In 


400(120-37.4) 

-  1506# 

(37.4-16.7) 

**  20.7 

-  .00223 

46.4 

1596 

-  715,695 

.00223 

load-600#©  120  In 


F,  - 

600(120  -  37/4) 

•  2394# 

(37/4- 16.7) 

y.  - 

JE.  20.7 

.  .00312 

464 

k  - 

2394 

.00312 

-  767,308 
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Spring  Constant  Calculations  for  Test  Series  2  (continued) 


Load -200#©  100  ki.  Load-400#  •  lOOtn 


V  m 

200(100-  374) 

-  005* 

F.  m 

400  (100  •  37.4) 

-  1210# 

r« 

(C74*  10.7) 

1 

(37.4*  10.7) 

v.  - 

—  20.7 

40.4 

-  -00C44C 

y»  - 

Sx 20  7 

-  .00134 

k  - 

eos 

.0C044C 

-  1,358.502 

k  - 

1210 

-  802.085 

Load  -  BOO*  •  100  In 


F.  - 

000(100-37.4) 

(37,4*107) 

-  1814# 

Y.  - 

-^5.  20.7 

404 

-  -0Q223 

k  - 

1014 

.00223 

-  013,453 

Load -200V  •801a 


F  m 

200(80  -  374) 

-  412# 

r» 

(37.4-10.7) 

y.  - 

20.7 

40.4 

-  -000446 

k  - 

412 

.000440 

-  023,707 

Load  -  400#  O  Win 


400(80*37.4) 

(374-10.7) 

-  123# 

**  20.7 

404 

-  .000892 

823 

.000892 

-  822440 

Load -000#  #80  In 


F,  - 

000(80-374) 

-  1235# 

(374-10.7) 

y»  - 

207 

-  .00134 

404 

k  - 

1235 

4X7134 

•  821,042 
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Spring  Constant  Ca’culations  for  Test  Series  3 


Loed -400#  O  110  In. 


F  - 

400(180  -  37.4) 

-  2758# 

r« 

(37/4-18.7) 

y,  - 

£1  *>.7 

-  .00491 

k 

46-4 

2756 

-  581.303 

.00401 

Load-800#  •  180 In 


800(100-37.4) 

-  4133# 

(37.4.18.7) 

-  -^1?-  20.7 

-  .00714 

484 

4133 

-  578.852 

.00714 

Load  -  BOO#  ©  180  in 


F.  - 

800(180-37.4) 

•  5511# 

i 

(37.4-18.7) 

Y.  - 

*?«  20.7 

-  .0118 

484 

k  - 

5511 

.0118 

-  475.088 

Load  -  400#  O  ICO  In. 


400(180  -  37.4) 

-  2389# 

(374-18-7) 

-  .00312 

48.4 

2389 

-  TO®, 295 

.00312 

Load  -800#  #  180  In 
F.  - 


Load -800#  •  180  In 


y»  - 


k  - 


800  (180  -  37.4) 

-  3554# 

F.  - 

800  (180  -  37.4) 
(374-18.7) 

-  4738# 

(37.4  ■  18.7) 

20.7 

484 

3554 

.00625 

-  .00825 

-  588,840 

y.  - 

k  - 

*H  20.7 
484 

4738 

.00758 

-  .00758 

-  825.088 
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Spring  Constant  Calculations  for  Test  Series  3  (continued) 


Load-400#  ©  140  In.  Lead -8000  ©140 In 


r  m 

400  (140  -  37.4) 

-  1983# 

F.  » 

800(140-37.4) 

-  2074# 

ri 

(37.4-18.7) 

(37.4-18.7) 

y.  - 

-008  20.7 
48.4 

«  .00268 

y»  - 

20.7 

484 

«  00448 

k 

1863 

-  739,925 

k  - 

2974 

-  888.818 

.00288 

.00440 

LDSd-eOOf  ©  140  In 

Load  -  400#  ©  120  in. 

F,  - 

600(140  -  37.4) 
(37.4-  18.7) 

-  3065# 

4001120-374) 

*  (374-18.7) 

-  1598# 

y,  - 

™  20.7 

-  .00625 

.006 

-  «cf 

-  00223 

46.4 

k  -  ,sx 

-  715,085 

3865 

.00223 

k  - 

-  823,750 

.00825 

Load-800#  ©  120 In 
F.  - 


y.  - 


k  - 


Load-800#  ©  120 In 


800(120  -  374) 

-  2394# 

F.  - 

•00  (120  -  37.4) 
(374  - 18.7) 

~  3192# 

P74- 16.7) 

008  20.7 

4 84 

2394 

.00357 

-  00357 

-  870. 588 

y.  - 

k  - 

■fill.  20.7 
484 

3192 

00491 

-  .00491 

-  660,102 

| 
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Spring  Constant  Calculations  for  Test  Series  3  (continued) 


Load  -4000  9  1001a  Uwj-800C  *1001/1 


F  m 

400  (IOC  37.4) 

-  1210# 

F,  m 

000(100-37.4) 

-  1814# 

r* 

(37.4-18.7) 

(37.4-10.7) 

v*  - 

20.7 

48.4 

•  .00134 

Y,  - 

-^1  20.7 

404 

-  .00223 

k  • 

1210 

£0134 

-  002.985 

k  - 

1814 

.00223 

-  813,453 

Load-800#  ©  100 in 

- 

600(100-37.4) 

(37.4-10.7) 

m 

2419# 

y,  - 

20.7 

484 

* 

.00312 

k  - 

2419 

.00312 

m 

775,321 

Load-  600#  ©  80 In 

F.  - 

000(80-37.4) 

(374  - 10.7) 

m 

1235# 

y.  - 

JBS.  20.7 

464 

m 

£0134 

k  - 

1235 

£0134 

m 

621.642 

Load -400#  O  00  la 


F  «* 

400(80-374) 

-  823# 

r» 

(37.4-18.7) 

y.  - 

20.7 

484 

-  £00692 

k  - 

823 

.000692 

~  822,646 

Load  -  900#  •  00  In 


m 

800  (90  -  374) 

-  1040# 

■ 

(374-10.7) 

y#  • 

**  20.7 

-  £0223 

484 

k  - 

1848 

-  738.117 
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Spring  Constant  Calculations  for  Test  Series  4 


Lead -400#  @  SSOIn. 

400  (200  -  37.4) 


(374-16,7) 

-  3142# 

-013  „„ 

o 

48.4  207 

«  .00520 

3142 

u 

.00530 

-  541,724 

Load  “8003  6  200  In 


p  _ 

600  (200  -  37.4) 

-  4713# 

ri 

(37.4  - 10.7) 

y,  - 

020 

207 

404 

-  50832 

i_ 

••  4713 

K  • 

.00692 

■*  528,333 

Lead  »  2002  ©  200  tn 


800  (SOP  -  37.4) 
(37.4-  16.7) 


y,  - 

k  - 


.025 

40.4 

6204 


20.7 


.0112 


Load -1000#  a  200  In. 

*•  8234# 

F,  - 

1000(200-37.4) 

-  7855# 

* 

(37.4. 16.7) 

*  .0112 

y.  - 

.031 

Am  ,  20.7 
46.4 

-  X)1 38 

“  581,071 

k  - 

7855 

~0138 

-  588.203 
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Spring  Constant  Calculations  for  Test  Series  5 


Lesd“40&3  ©  SOOtfi.  Load  - 3QO&  ©  200 In 


F,  - 

400  (200  •  37.4) 

*»  3142# 

F  . 

800  (200  -  37.4) 

-  4713# 

S 

(374  -16.7) 

i 

(37.4-18.7) 

y»  ° 

f  f  20.7 
43.4 

*  .00535 

y,  » 

00.7 

464 

«  D0003 

k  “ 

3142 

.00535 

-  537.620 

k  - 

4713 

.00603 

-  5SS.S24 

d-6003  0  2CO In 

Load-400#©  160  In. 

COO  (200  -  37.4) 
'37*  16.7) 

•  6284# 

400(180  -  37.4) 

-  2758$ 

F,  - 

* 

(37/5-15.7) 

V.  m 

4J.4 

lJ  i 

»* 

4>k)  .  t  „ 

4 <i  » 

-  v\jir-» 

T*~ -  * 

k  - 

6284 

.0158 

-  402,821 

k  - 

275S 

.00402 

-  635.572 

Load-6003  0  ISO  In 


Load  -800#  6  160 In 


c  „ 

600(160-37.4) 

-  4133# 

F.  - 

800  (180  -  37.4) 

-  5511 # 

(374-18.7) 

(374-18.7) 

y,  - 

014  £0.7 
484 

-  .00625 

Y,  - 

019  20.7 
484 

-  .00848 

k  - 

4133 

■GO*.  2  5 

-  081,260 

k  - 

5511 

.00648 

»  640.082 
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Spring  Constant  Calculations  forTes'  Series  5  (continued) 


:d-40Q3  O  ICO  In. 

4CS3  (ICO  -  37.4) 
F  - , - 

(37^-18.7) 

ys  “ 

27G3 

!c  »  - 

.003 


-  27S8# 

-  .003 

*•<  ©18,607 


LcsaJ-SOO#©  IK) In 


800  (180-37.4) 
(37.4-16.7) 


V,  - 


k 


4133 

.005 


Load  <=0003  ©  160  In 


BOO  (1 80  -  37.4) 
(37.4-13.7) 


5511  © 


y.  “ 


.000 


5511 


©18.500 


Spring  Constant  Calculations  for  Test  Series  6 


2C0  lx 


Load  »  5COS  ©  200  In 


SCO  v'200  -  37.4) 

F  ~  - _  »  2357# 

(374  -  10.7) 


500  (200  -  37.4) 
(37.4- 18.7) 


asao# 


ys 


.043 

43.4 


20.7 


.0214 


Vi 


.002 

434 


20.7 


.0410 


k 


2357 

.0214 


110, COO 


3920 

.0410 


05.704 


Lsa-J~  3002  0160  in. 


300(180-37.4) 
8  "  (37.4-13.7) 


ya 


434 


207 


1777 

V.  “  - 

.0335 


«  1777# 

«  .0335 


-  53,109 


Load  -500#®  IK)  In 


ya 


500(160-57.4) 

(374-18.7) 


.155 

464 


20.7 


2061 

.0302 


2361  g 

.0802 

42.020 
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Spring  Constant  Calculations  For  Test  Series  6  (continued) 


Load  “  3000  8  120  In. 


Load  -  500#  •  120  In 


300(120  -  37.4) 
(37.4-18.7) 


1107# 


500(120-37.4) 
(374  - 18.7) 


y.  - 


484 


20.7 


.0112 


y.  - 


.061 
46  A 


20.7 


1107 

.01 12 


107,354 


1905 

.0228 


Load  «  300#  O  80  In. 


Load -500#  0  80  In 


r  — 

300  (80  -  37.4) 

-  817# 

F,  - 

500  (80  -  374) 

(37.4-18.7) 

(37.4  - 18.7) 

y«  - 

^  20  7 
48.4 

-  .00357 

y.  - 

20.7 

48.4 

K  - 

817 

.00357 

-  172.878 

k  - 

1029 

.00862 

~  1996# 

-  .0228 

-  87.892 


~  1029# 

-  .00902 

*  115.333 


No.  of 

Copies  Organization 


No.  of 

Copies  Organization 


2  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22304-6145 

1  Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCAM 
5001  Eisenhower  Ave. 

Alexandria,  VA  22333-0001 

1  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-AD, 

Tech  Publishing 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783-1145 

1  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-AD, 

Records  Management 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783-1145 

2  Commander 

U.S.  Army  Armament  Research, 

Development,  and  Engineering  Center 
ATTN:  SMCAR-IMI-I 
Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806-5000 

1  Director 

Benct  Weapons  Laboratory 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  S  MC AR-CCB-TL 
Watervliet,  NY  12189-4050 


1  Commander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD-CS-R  (DOC) 
Redstone  Arsenal,  AL  35898-5010 

1  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-JSK  (Armor  Eng.  Br.) 
Warren,  Ml  48397-5000 


1  Director 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

White  Sands  Missile  Range,  NM  88002-5502 

1  Commandant 

U.S.  Army  Field  Artillery  School 

ATTN:  ATSF-CSI 

Ft.  Sill,  OK  73503-5000 

(a«u.  only)  i  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-CD  (Security  Mgr.) 

Fort  Benning,  GA  31905-5660 


(Unciw.  only)  j  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Benning,  GA  31905-5660 

1  WL/MNOI 

Eglin  AFB,  FL  32542-5000 


Aberdeen  Proving  Ground 

2  Dir,  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

1  Cdr,  USATECOM 
ATTN:  AMSTE-TC 

I  Dir,  ERDEC 

ATTN:  SCBRD-RT 


1 


Director 

U.S.  Army  Aviation  Research 
and  Technology  Activity 
ATTN:  SAVRT-R  (Library) 
M/S  219-3 

Ames  Research  Center 
Moffett  Field,  CA  94035-1000 


1  Cdr,  CBDA 

ATTN:  AMSCB-CII 

1  Dir,  USARL 

ATTN:  AMSRL-SL-I 

10  Dir,  USARL 

ATTN:  AMSRL-OP-CI-B  (Tech  Lib) 


No.  of 

Copies  Organization 

1  Commander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD,  W.  McCorkle 
Redstone  Arsenal,  AL  35898-5010 

1  Commander 
Watervliet  Arsenal 

ATTN:  SMCWV-QA-QS,  K.  Insco 
Watervliet,  NY  12189-4050 

3  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
SMCAR-FSA-M, 

R.  Botticelli 

F.  Diorio 

SMCAR-FSA,  C.  Spinelli 
Pica  tinny  Arsenal,  NJ  07806-5000 

2  PEO- Armaments 
ATTN:  SFAE-AR-PM, 

D.  Adams 
T.  McWilliams 

Picatinny  Arsenal,  NJ  07806-5000 
2  Director 

Materials  Technology  Laboratory 
ATTN:  SLCMT-MEC, 

B.  Hatpin 
T.  Chou 

Watertown,  MA  02172-0001 

8  Director 

Benet  Weapons  Laboratory 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCB, 

G.  D’ Andrea 
J.  Keane 
T.  Allen 
J.  Vasilakis 

G.  Friar 
J.  Zweig 
L.  Johnson 
T.  Simkins 

Watervliet,  NY  12189-5000 


No.  of 

Copies  Organization 

7  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCH-T, 

S.  Musalli 
P.  Christian 
K.  Fehsal 

SMCAR-CCH-V,  E.  Fennell 
SMCAR-CCH,  J.  DeLorenzo 
SMCAR-CC, 

R.  Price 
J.  Hedderich 

Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-TD, 

M.  Linder 

T.  Davidson 

Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

Production  Base  Mod.  Agency 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  AMSMC-PBM-K 
Picatinny  Arsenal,  NJ  07806-5000 

6  Project  Manager 

Tank  Main  Armament  Systems 
ATTN:  SFAE-AR-TMA,  COL  Hartline 
SFAE-AR-TMA-MD, 

C.  Kimker 
W.  Lang 

SFAE-AR-TMA-ME, 

K.  Russell 

H.  Yuen 

D.  Guzowitz 

Picatinny  Arsenal,  NJ  07806-5000 
4  Director 

Lawrence  Livermore  National  Laboratory 
ATTN:  R.  Christensen 
W.  Feng 
F.  Magness 
S.  deTeresa 
P.O.  Box  808 
Livermore,  CA  94550 
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Pacific  Northwest  Lab 
A  Division  of  Battelle  Memorial  Inst. 
ATTN:  M.  Smith 
M.  Gamich 
P.O.  Box  999 
Richland,  WA  99352 

Director 

Los  Alamos  National  Laboratory 
WX-4  Division,  Mail  Stop  G-787 
ATTN:  D.  Rabem 

J.  Neal 
P.O.  Box  1663 

Los  Alamos,  NM  87545 

Director 

Sandia  National  Laboratory 
Applied  Mechanics  Department, 
Division-8241 
ATTN:  C.  Robinson 

G.  Benedetti 

K.  Perano 
P.  Nielan 

P.O.  Box  969 

Livermore,  CA  94550-00% 

Institute  for  Advanced  Technology 
ATTN:  T.  Kiehne 

H.  Fair 

4030-2  W.  Braker  Lane 
Austin,  TX  78759 

Olin  Corporation 
Flinchbaugh  Division 
ATTN:  E,  Steiner 

B.  Stewart 
P.O.  Box  127 
Red  Lion,  PA  17356 

Olin  Corporation 
ATTN:  L.  Whitmore 
10101  9th  Street  North 
St.  Petersburg,  FL  33702 

Custom  Analytical  Engineering 
Systems,  Inc. 

ATTN:  A.  Alexander 
Star  Route,  Box  4A 
Flintstone,  MD  21530 


3  Alliant  Techsystems,  Inc. 

ATTN:  C.  Candland 

J.  Bode 

K.  Ward 

5640  Smetana  Drive 
Minnetonka,  MN  55343 

2  Chamberlain  Manufacturing  Corp. 
Waterloo  Facility 
ATTN:  T.  Lynch 
550  Esther  Street 
P.O.  Box  2335 
Waterloo,  IA  50704 


Aberdeen  Proving  Ground 

17  Dir,  USARL 

ATTN:  AMSRL-WT-P,  I.  May 
AMSRL-WT-PD, 

B.  Bums 
W.  Drysdale 

K.  Bannister 
T.  Bogetti 

J.  Bender 
J.  Ford 
R.  Murray 

R.  Kirkendall 
T.  Eriine 

D.  Hopkins 

S.  Wilkerson 

C.  McCall 

D.  Henry 
R.  Kaste 

L.  Burton 
J.  Tzeng 


